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LQIODWLRQ LQ RSHQ HFRQRPLHV ZLWK FRPSOHWH PDUNHWV

Pdufr Fhohqwdql_/ M1 Ljqdflr Frqgh0Uxl}hdqg Nodxv Ghvphw=
Pdufk 5337
Devwudfw= Wklv sdshu xvhv dq ryhuodsslqj jhqhudwlrqv prgho wr dqdo|}h prqhwdu|
srolf| lq d wzr0frxqwu| prgho zlwk dv|pphwulf vkrfnv1 Djhqwv lqvxuh djdlqvw ulvn
wkurxjk wkh h{fkdqjh ri d frpsohwh vhw ri uhdo vhfxulwlhv1 Hdfk fhqwudo edqn lv deoh
wr frpplw wr wkh frqwlqjhqw prqhwdu| srolf| uxoh wkdw pd{lpl}hv grphvwlf zhoiduh1
Lq dq dwwhpsw wr lpsuryh wkhlu frxqwu|*v whupv ri wudgh ri vhfxulwlhv/ fhqwudo edqnv
pd| fkrrvh wr frpplw wr frvwo| lq dwlrq lq idyrudeoh vwdwhv ri qdwxuh1 Lq htxloleulxp
wkh hhfwv rq wkh whupv ri wudgh zdvk rxw/ ohdylqj erwk frxqwulhv zruvh r1 Frxqwulhv
idflqj dv|pphwulf vkrfnv pd| wkhuhiruh jdlq iurp prqhwdu| frrshudwlrq1
MHO Fodvvlfdwlrq= H8/ I6/ I751
Nh|zrugv= Lq dwlrq/ ulvn vkdulqj/ vhfxulw| pdunhwv/ whupv ri wudgh/ prqhwdu| frrshu0
dwlrq/ fxuuhqf| xqlrq1
4 Lqwurgxfwlrq
Lw lv zhoo nqrzq wkdw vhsdudwh fxuuhqflhv pd| ohdg wr lqh!flhqw ulvn vkdulqj ehwzhhq frxqwulhv
+Pxqghoo/ 4<:6> PfNlqqrq/ 5335,1 Frqvlghu/ iru lqvwdqfh/ d wzr0frxqwu| zruog zlwk dv|pphwulf
vkrfnv/ lq zklfk djhqwv glyhuvli| ulvn e| wudglqj lq d frpsohwh vhw ri qrplqdo frqwlqjhqw vhfxul0
wlhv1 Lq vxfk dq hqylurqphqw fhqwudo edqnv kdyh dq lqfhqwlyh wr fuhdwh h{ srvw vxusulvh lq dwlrq
zkhqhyhu wkhlu frxqwu| kdv sd|phqwv gxh1 Ri frxuvh/ wkrvh srolflhv hqg xs edfnulqj xqghu udwlr0
qdo h{shfwdwlrqv +Eduur dqg Jrugrq/ 4<;6d/e,1 Rqfh djhqwv xqghuvwdqg wkh lqfhqwlyhv ri fhqwudo
edqnv/ lq dwlrq fhdvhv wr frph dv d vxusulvh/ ohdylqj wkh hfrqrp| zlwk wkh zruvw ri wzr zruogv=
wkh ehqhwv ri lq dwlrq ydqlvk/ zkloh lwv frvwv shuvlvw1
WZh duh lqghewhg wr Shgur Doyduh}0Orlv/ Vxelu Fkdwwrsdgk|d|/ Mrugl Jdoð/ Ehuwkrog Khuuhqgrui/ Wrppdvr
Prqdfhool/ Ljqdflr Ruwxôr/ Mdylhu Ydooìv/ dqg hvshfldoo| Urqdog PfNlqqrq iru khosixo frpphqwv dqg glvfxvvlrqv1
Zh dfnqrzohgjh wkh qdqfldo vxssruw ri Ixqgdflöq EEYD/ wkh Plqlvwu| ri Vflhqfh dqg Whfkqrorj| +EHF 53350
36:48,/ wkh Frpxqlgdg gh Pdgulg +39233<9236,/ dqg wkh Frpplvvlrq iru Fxowxudo/ Hgxfdwlrqdo dqg Vflhqwlf
H{fkdqjh ehwzhhq wkh Xqlwhg Vwdwhv ri Dphulfd dqg Vsdlq +Surmhfw :075,1 Pxfk ri wklv uhvhdufk zdv fduulhg rxw
zkloh Nodxv Ghvphw zdv ylvlwlqj wkh Edqn ri Vsdlq dqg Vwdqirug Xqlyhuvlw|/ dqg kh zlvkhv wr wkdqn wkh krvslwdolw|
ri erwk lqvwlwxwlrqv
_Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlgdg Fduorv LLL/ Jhwdih +Pdgulg, 5;<36/ Vsdlq> id{ .670<40957 <;:8>
2>eQJQf'f=z>=9Q
2fp
hIHGHD/ Fdooh Mrujh Mxdq 79/ 5;334 Pdgulg/ Vsdlq> id{ .670<408:: <8:8> QJ=[f3 e19qf[f>fp




Li fhqwudo edqnv zhuh deoh wr xqlodwhudoo| frpplw wr d prqhwdu| srolf| uxoh/ zh zrxog h{shfw
wklv lq dwlrqdu| eldv wr glvdsshdu/ wkxv hqvxulqj h!flhqw ulvn vkdulqj1 Xqghu d frqwlqjhqw srolf|
uxoh/ wkh uhdo ydoxh ri qrplqdo frqwlqjhqw vhfxulwlhv ehfrphv nqrzq lq dgydqfh/ holplqdwlqj dq|
uroh iru xqh{shfwhg lq dwlrq1 Lq dv idu dv dfwxdo lq dwlrq frqwlqxhv wr eh frvwo|/ lw zrxog wkhq
vhhp wkdw wkh rswlpdo srolf| uxoh  li fuhgleo| lpsohphqwdeoh  vkrxog suhvfuleh sulfh vwdelolw|1
Wklv sdshu vkrzv wkdw wklv lqwxlwlrq lv huurqhrxv= lq vslwh ri holplqdwlqj wkh srvvlelolw| ri
dhfwlqj wkh uhdo ydoxh ri qrplqdo sd|phqwv/ xqlodwhudo frpplwphqw lv qrw hqrxjk wr dyrlg h{fhvv
lq dwlrq dqg wr jxdudqwhh h!flhqw ulvn vkdulqj1 Wr pdnh rxu srlqw dv vwdun dv srvvleoh/ zh zloo
dvvxph wkdw djhqwv wudgh lq d frpsohwh vhw ri lqgh{hg qrplqdo  l1h1/ uhdo  vhfxulwlhv1 E|
grlqj vr/ lw vkrxog eh grxeo| fohdu wkdw wkh lqh!flhqflhv zh ghvfuleh duh qrw gxh wr fhqwudo edqnv
lq dwlqj dzd| wkh ydoxh ri qrplqdo fodlpv/ exw wr d glhuhqw phfkdqlvp1
Rxu prgho kdv wkh iroorzlqj fkdudfwhulvwlfv1 Wkhuh duh wzr frxqwulhv1 Lq hdfk shulrg/ hdfk
frxqwu| lv srsxodwhg e| d xqlw pdvv ri rog dqg d xqlw pdvv ri |rxqj1 Wkh |rxqj ri hdfk frxqwu|
uhfhlyh dq hqgrzphqw ri wkh vdph xqltxh frpprglw|/ exw ghulyh qr xwlolw| iurp frqvxpswlrq1
Wkh rog ri hdfk frxqwu| uhfhlyh qr hqgrzphqw/ exw zdqw wr frqvxph1 Prqh|/ zklfk lv lq wkh
kdqgv ri wkh rog/ doorzv iru zhoiduh hqkdqflqj lqwhujhqhudwlrqdo wudgh1 Frxqwulhv idfh shuihfwo|
qhjdwlyho| fruuhodwhg dv|pphwulf vkrfnv wr wkh hqgrzphqwv ri wkh |rxqj1 Wkhuh duh wzr vwdwhv
ri qdwxuh1 Iru hdfk vwdwh wkhuh h{lvwv d fruuhvsrqglqj lqgh{hg qrplqdo vhfxulw| wkdw gholyhuv wkh
prqhwdu| htxlydohqw ri rqh xqlw ri wkh frpprglw| lq wkdw vwdwh1 Wr lqvxuh wkhpvhoyhv djdlqvw
frqvxpswlrq ulvn/ wkh rog ri erwk frxqwulhv wudgh lq wkrvh vhfxulwlhv1
Wkh wlplqj lv dv iroorzv1 Dw wkh ehjlqqlqj ri hdfk shulrg/ hdfk fhqwudo edqn xqlodwhudoo|
frpplwv wr wkh frqwlqjhqw srolf| uxoh wkdw pd{lpl}hv grphvwlf zhoiduh1 Wkh rog iurp wkh wzr
frxqwulhv wkhq vkduh frqvxpswlrq ulvn e| wudglqj lqgh{hg qrplqdo frqwlqjhqw vhfxulwlhv1 Rqfh
wkh vwdwh ri qdwxuh lv uhyhdohg/ wkh prqhwdu| srolf| lv lpsohphqwhg/ wkh vhfxulwlhv duh uhghhphg/
wkh rog ex| wkh hqgrzphqw iurp wkh |rxqj/ dqg frqvxph1 Jrrgv sulfhv dgmxvw wr fkdqjhv lq
wkh prqh| vxsso|/ wkrxjk lq dwlrq lv frvwo|1 Zkhq ex|lqj wkh hqgrzphqw/ wkh rog sdvv rq wkhlu
prqh| kroglqj wr wkh |rxqj/ vr wkdw e| wkh ehjlqqlqj ri wkh qh{w shulrg wkh +e| wkhq, rog krog
wkh hqwluh prqh| vwrfn1
Wkh uvw uhvxow lv wkdw xqghu xqlodwhudo frpplwphqw fhqwudo edqnv zloo xvh lq dwlrq wr pdqls0
xodwh wkh whupv ri wudgh ri wkh lqgh{hg qrplqdo vhfxulwlhv1 Wkh lqwxlwlrq lv hdv| wr xqghuvwdqg1
Wkh rog uhvlghqwv ri d jlyhq frxqwu| duh qhw vxssolhuv ri wkh vhfxulw| wkdw pdnhv d sd|phqw lq wkh
vwdwh ri qdwxuh idyrudeoh wr wkhlu frxqwu|*v |rxqj1 Wkhlu fhqwudo edqnv pd| wkhq qg lw rswlpdo
wr frpplw wr srvlwlyh lq dwlrq lq wkdw vwdwh1 Vlqfh frvwo| lq dwlrq orzhuv wkh hqgrzphqw ri wkh
|rxqj  dqg wkhuhiruh wkh frqvxpswlrq ri wkh rog  wkh frxqwu|*v rog uhvlghqwv ehfrph ohvv
zloolqj wr vxsso| wkh vhfxulw| wkh| duh d qhw vxssolhu ri/ wkxv sxvklqj xs lwv uhodwlyh sulfh1 Li wkh
h{ dqwh zhoiduh jdlq iurp wkh uhodwlyh sulfh lqfuhdvh pruh wkdq frpshqvdwhv wkh frvw ri lq dwlrq/
fhqwudo edqnv rswlpdoo| fkrrvh wr frpplw wr vwulfwo| srvlwlyh lq dwlrq lq wkh idyrudeoh vwdwh1
Wkh vhfrqg uhvxow lv wkdw h!flhqw ulvn vkdulqj uhtxluhv prqhwdu| frrshudwlrq1 Xqghu xqlodwhudo
frpplwphqw erwk fhqwudo edqnv fuhdwh lq dwlrq lq dq dwwhpsw wr lpsuryh wkhlu whupv ri wudgh1 Lq
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d v|pphwulf vhwwlqj/ wkh Qdvk htxloleulxp ri wkh qrq0frrshudwlyh jdph ohdyhv hyhu|rqh zruvh r
frpsduhg wr wkh fdvh ri prqhwdu| vwdelolw|1 Wkh srvlwlyh hhfwv rq wkh whupv ri wudgh ri vhfxulwlhv
zdvk rxw/ zkloh ohdylqj hdfk frxqwu| zlwk wkh frvw ri lq dwlrq1 Wr uhdfk wkh rswlpdo rxwfrph/
vrph irup ri frrshudwlrq lv qhfhvvdu|/ hlwkhu wkurxjk qhjrwldwlrqv ehwzhhq wzr vhsdudwh fhqwudo
edqnv/ ru wkurxjk d ixoo0eorzq fxuuhqf| xqlrq1
Wkh wklug uhvxow vxjjhvwv wkdw rxu qglqjv jr wkurxjk zkhq zh ghyldwh iurp v|pphwu|1 Dv
vrrq dv zh lqwurgxfh dv|pphwulhv  iru lqvwdqfh/ lq wkh vl}hv ri frxqwulhv  wkh rswlpdo ohyho ri
lq dwlrq glhuv dfurvv frxqwulhv/ vr wkdw wkh hhfwv rq wkh uhodwlyh sulfh ri vhfxulwlhv fhdvh wr fdqfho
hdfk rwkhu rxw1 Dv d uhvxow/ rqh ri wkh wzr frxqwulhv qrz ehqhwv iurp dq h{ srvw lpsuryhphqw
lq lwv whupv ri wudgh1 Li wkdw jdlq lv elj hqrxjk wr frpshqvdwh iru wkh orvv iurp lq dwlrq/ wkh
qrq0frrshudwlyh Qdvk htxloleulxp pdnhv wkdw frxqwu| ehwwhu r frpsduhg wr d vlwxdwlrq ri sulfh
vwdelolw|1 Hyhq lq wkdw fdvh/ krzhyhu/ frrshudwlrq w|slfdoo| ohdgv wr d Sduhwr vxshulru rxwfrph
zlwk orzhu lq dwlrq1
Wkh h{lvwlqj olwhudwxuh rq prqhwdu| srolf| lq rshq hfrqrplhv pdlqwdlqv wkdw lq dwlrq fdq
rqo| eh ehqhfldo lq wzr flufxpvwdqfhv= zkhq wkhuh duh qrplqdo uljlglwlhv ru zkhq pdunhwv duh
lqfrpsohwh1 Dq h{dpsoh ri wkh uvw dujxphqw zlwk qrplqdo uljlglwlhv lv Fruvhwwl dqg Shvhqwl
+5334,/ zkr frqvlghu d prgho zlwk prqrsrolvwlfdoo| frpshwlwlyh upv dqg vwlfn| zdjhv1 Lq wkdw
vhwxs dq xqh{shfwhg lq dwlrqdu| vkrfn lqfuhdvhv rxwsxw dqg lpsuryhv h!flhqf|1 Krzhyhu/ lw kdv
wkh qhjdwlyh hhfw ri ghsuhvvlqj wkh whupv ri wudgh ri h{sruwdeohv1 Lq htxloleulxp lq dwlrq pd|
eh srvlwlyh/ wkrxjk wkh lqfhqwlyh wr lq dwh lv orzhu lq dq rshq hfrqrp| wkdq lq d forvhg hfrqrp|1
Dq h{dpsoh ri wkh vhfrqg dujxphqw zlwk lqfrpsohwh pdunhwv lv Frroh| dqg Txdgulql +5336,/
zkr ghyldwh iurp wkh cqhz rshq0hfrqrp| pdfurhfrqrplf* olwhudwxuh e| frqvlghulqj shuihfwo|
frpshwlwlyh pdunhwv dqg  h{leoh sulfhv1 Lq d wzr0frxqwu| surgxfwlrq hfrqrp| upv xvh orfdo dqg
lpsruwhg lqwhuphgldwh jrrgv wr surgxfh qdo jrrgv1 Wkh sxufkdvh ri lqwhuphgldwh jrrgv kdv wr
eh qdqfhg e| qrplqdo ordqv/ uhsd|deoh rqh shulrg diwhu wkh qdo jrrgv kdyh ehhq vrog1 Ehfdxvh
upv duh irufhg wr krog wkhlu uhyhqxh iru rqh shulrg/ dq lq dwlrqdu| srolf| udlvhv wkh qdqflqj
frvw1 Wklv uhgxfhv surgxfwlrq/ orzhuv wkh ghpdqg iru lqwhuphgldwh jrrgv/ dqg sxvkhv xs wkh
whupv ri wudgh ri h{sruwdeohv1 Djdlq/ lq htxloleulxp zh pd| jhw srvlwlyh lq dwlrq1 Krzhyhu/ lq
frqwudvw wr Fruvhwwl dqg Shvhqwl +5334,/ wkh lqfhqwlyh wr lq dwh lv kljkhu lq dq rshq wkdq lq d
forvhg hfrqrp|1 Qrwh wkdw wkh lq dwlrqdu| eldv lq Frroh| dqg Txdgulql +5336, ghshqg rq pdunhw
lqfrpsohwhqhvv1 Li rqh zhuh wr doorz iru d ixoo vhw ri vwdwh0frqwlqjhqw qrplqdo vhfxulwlhv wr qdqfh
wkh lqwhuphgldwh jrrgv/ wkh uhvxow zrxog xqudyh dqg lq dwlrq zrxog glvdsshdu1
Rxu sdshu glhuv iurp wklv olwhudwxuh rq dw ohdvw wkuhh dffrxqwv1 D uvw glhuhqfh lv wkdw
htxloleulxp lq dwlrq grhv qrw ghshqg rq qrplqdo uljlglwlhv ru lqfrpsohwh pdunhwv1 Iru rxu uhvxowv
wr krog/ lq dwlrq qhhgv wr eh frvwo|/ exw lw grhv qrw pdwwhu zk| wklv lv vr1 Fohduo| qrplqdo
uljlglwlhv lq wkh irup ri phqx frvwv zrxog vdwlvi| wklv uhtxluhphqw/ exw lq dwlrq pd| dovr eh
frvwo| iru rwkhu uhdvrqv1 Iru lqvwdqfh/ li fhqwudo edqnv zhuh wr fuhdwh lq dwlrq wr ex| xs sduw ri
wkh hqgrzphqw/ dqg wkhq vshqg lw lqh!flhqwo|/ zh zrxog jhw h{dfwo| wkh vdph uhvxow1 Uhjduglqj
pdunhw frpsohwhqhvv/ wklv lv zkdw vhwv xv dvlgh iurp Frroh| dqg Txdgulql +5336,1 Dowkrxjk zh
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dovr frqfoxgh wkdw lq dwlrq lq dq rshq hfrqrp| lv kljkhu wkdq lq d forvhg hfrqrp|/ rxu uhvxow
jrhv wkurxjk hyhq zlwk frpsohwh pdunhwv1 Wklv odvw dvshfw uhodwhv wr Fhohqwdql/ Frqgh0Uxl} dqg
Ghvphw +5337,/ zkhuh zh vkrz wkdw lq d zruog zlwk vhtxhqwldoo| frpsohwh pdunhwv vfdo srolf|
glvwruwv h!flhqw ulvn vkdulqj1 Wkh phfkdqlvp lq erwk sdshuv lv vlplodu= zkhwkhu zh wdon derxw
vfdo ru prqhwdu| srolf|/ hlwkhu fdq eh xvhg wr pdqlsxodwh vhfxulw| sulfhv1 Exw zkloh lq Fhohqwdql
hw do1 +5337, zh irfxv rq glvwruwlrqv lq ulvn vkdulqj/ khuh rxu dlp lv wr foduli| wkdw xqlodwhudo
frpplwphqw dqg frpsohwh pdunhwv duh qrw hqrxjk wr holplqdwh frvwo| lq dwlrq1
D vhfrqg glhuhqfh lv wkdw wkh hhfw ri lq dwlrq rq wkh whupv ri wudgh ghshqgv rq d glvwlqfw
phfkdqlvp1 Sdshuv vxfk dv Fruvhwwl dqg Shvhqwl +5334, dqg Frroh| dqg Txdgulql +5336, vxjjhvw
wkdw prqhwdu| srolf| fdq eh xvhg wr uhvwudlq surgxfwlrq/ wkhuhe| lpsurylqj wkh whupv ri wudgh ri
h{sruwdeohv1 Lq rxu prgho wkhuh lv qr surgxfwlrq dqg wkhuh lv d xqltxh frpprglw|/ vr wkdw wkhuh
lv qr urrp iru fkdqjlqj wkh uhodwlyh sulfh ri h{sruwdeohv1 Lqvwhdg/ zh pdlqwdlq wkdw lq dwlrq kdv
d uhdo frvw wkdw uhgxfhv wkh ydoxh ri wkh hqgrzphqw/ wkxv lpsurylqj wkh whupv ri wudgh ri ulvn
vkdulqj1
D wklug glhuhqfh zlwk wkh zrun ri Fruvhwwl dqg Shvhqwl +5334, dqg Frroh| dqg Txdgulql
+5336, lv rxu irfxv rq lqwhuqdwlrqdo ulvn vkdulqj1 Vlqfh Pxqghoo +4<94,/ wkh uxoh0ri0wkxpe kdv
ehhq wkdw frxqwulhv vkrxog nhhs vhsdudwh fxuuhqflhv li wkh| idfh dv|pphwulf vkrfnv dqg oderu
lv lppreloh dfurvv frxqwulhv1 Rxu sdshu vd|v wkh rssrvlwh= lw lv h{dfwo| zkhq frxqwulhv idfh
dv|pphwulf vkrfnv wkdw wkh| ehqhw prvw iurp ulvn vkdulqj/ pdnlqj wkh sd|r iurp dgrswlqj d
frpprq fxuuhqf| juhdwhvw1 Wklv dujxphqw kdv ehhq pdgh ehiruh e| Pxqghoo +4<:6,/ dqg pruh
uhfhqwo|/ e| PfNlqqrq +5335, dqg Fklqj dqg Ghyhuhx{ +5333/ 5336,1 Krzhyhu/ lq frqwudvw wr
wkdw olwhudwxuh/ zh vkrz wkdw prqhwdu| frrshudwlrq pd| eh ehqhfldo hyhq li lqglylgxdo fhqwudo
edqnv kdyh wkh delolw| wr xqlodwhudoo| frpplw wr rswlpdo prqhwdu| srolflhv1
5 Vhwxs ri wkh prgho
514 Exloglqj eorfnv ri wkh prgho
Wkh edvlf vhwxs ri wkh prgho lv dq ryhuodsslqj jhqhudwlrqv yhuvlrq ri Fhohqwdql hw do1 +5337,1
Frqvlghu wzr frxqwulhv/ Zhvw dqg Hdvw1 Lq hdfk shulrg/ hdfk frxqwu| lv srsxodwhg e| d xqlw pdvv
ri krprjhqhrxv rog dqg d xqlw pdvv ri krprjhqhrxv |rxqj1 Wkhuh lv rqo| rqh frpprglw|/4 zklfk
lv qrqvwrudeoh dqg iuhho| wudqvsruwdeoh1
Zkhq |rxqj/ djhqwv lq wkh Zhvw dqg wkh Hdvw uhfhlyh dq hqgrzphqw ri wkh xqltxh frpprglw|/
exw ghulyh qr xwlolw| iurp frqvxpswlrq1 Wkh hfrqrp|*v wrwdo hqgrzphqw lv 51 Dowkrxjk wkhuh lv
qr djjuhjdwh xqfhuwdlqw|/ frxqwulhv duh vxemhfw wr shuihfwo| qhjdwlyho| fruuhodwhg vkrfnv ri vl}h /
zkhuh 3 ?  ? 41 Wklv jlyhv xv wzr vwdwhv ri qdwxuh= lq vwdwh v @ $ wkh |rxqj lq wkh Zhvw jhw dq
hqgrzphqw 4 .  zkhuhdv wkh |rxqj lq wkh Hdvw jhw 4 > lq vwdwh v @ % wkh |rxqj lq wkh Zhvw
uhfhlyh hqgrzphqw 4   zkhuhdv wkh |rxqj lq wkh Hdvw uhfhlyh 4 . 1 Lq wkh v|pphwulf fdvh/
4Wklv uxohv rxw vkrfnv wr wkh uhodwlyh sulfh ri h{sruwdeohv1
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hdfk vwdwh rffxuv zlwk suredelolw| 4@515
Zkhq rog/ djhqwv uhfhlyh qr hqgrzphqw/ exw ghulyh xwlolw| iurp frqvxpswlrq1 Djhqwv duh ulvn
dyhuvh1 Wr nhhs wkh sureohp dqdo|wlfdoo| wudfwdeoh/ zh irfxv rq FUUD suhihuhqfhv/ vr wkdw wkh











































zkhuh  lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq +zkhuh  A 3 dqg  9@ 4,/ dqg fr ghqrwhv vwdwh v
frqvxpswlrq ri dq rog djhqw lq frxqwu| l @ H>Z 1
Lq wklv hqylurqphqw/ lq zklfk wkh rog zdqw wr frqvxph exw kdyh qr hqgrzphqw/ dqg wkh
|rxqj kdyh dq hqgrzphqw exw gr qrw zdqw wr frqvxph/ prqh| doorzv iru zhoiduh hqkdqflqj
lqwhujhqhudwlrqdo wudgh1 Dvvxph wkdw dw wkh ehjlqqlqj ri dq| shulrg wkh rog ri hdfk frxqwu| krog
doo wkh orfdo fxuuhqf|1 Ixuwkhupruh dvvxph wkdw zkhq ex|lqj jrrgv iurp wkh |rxqj lq d jlyhq
frxqwu|/ wkh rog pxvw sd| lq wkh orfdo fxuuhqf|1 E| vhwwlqj wkh prqh| vxsso|/ fhqwudo edqnv
ghwhuplqh wkh sulfh ohyho1 Iru lqvwdqfh/ li d fhqwudo edqn fuhdwhv d prqh| vxsso| P / dqg wkh
frxqwu|*v hqgrzphqw lv T/ wkhq dsso|lqj wkh txdqwlw| htxdwlrq ri prqh| jlyhv xv d sulfh ohyho

'
16 Wr lqfuhdvh wkh prqh| vxsso|/ qhzo| lvvxhg prqh| lv frvwohvvo| glvwulexwhg wr wkh rog> wr
ghfuhdvh prqh| vxsso|/ sduw ri wkh rog*v prqh| lv frvwohvvo| frqvfdwhg1
Jlyhq wkh h{lvwhqfh ri dv|pphwulf vkrfnv/ wkhuh lv reylrxv urrp iru ulvn vkdulqj1 Wr lqvxuh
ulvn/ wkh rog ri wkh wzr frxqwulhv wudgh lq lqgh{hg qrplqdo frqwlqjhqw vhfxulwlhv/ hdfk sd|lqj wkh
prqhwdu| htxlydohqw ri rqh xqlw ri hqgrzphqw lq rqh vwdwh ri qdwxuh dqg }hur lq wkh rwkhu1 Lq
sduwlfxodu/ vhfxulw| $ sd|v rxw lq vwdwh $ d qxpehu ri xqlwv ri wkh Zhvw*v fxuuhqf| vx!flhqw wr
sxufkdvh rqh xqlw ri wkh frpprglw|> olnhzlvh/ vhfxulw| % sd|v rxw lq vwdwh % d qxpehu ri xqlwv
ri wkh Hdvw*v fxuuhqf| vx!flhqw wr sxufkdvh rqh xqlw ri wkh frpprglw|1 Qhhgohvv wr vd|/ wkhvh
lqgh{hg qrplqdo vhfxulwlhv duh htxlydohqw wr uhdo vhfxulwlhv7 dqg wkh| duh vx!flhqw wr frpsohwh
pdunhwv1
Zlwkrxw orvv ri jhqhudolw|/ lq hdfk shulrg lq dwlrq lq hdfk frxqwu| lv ghqhg uhodwlyh wr dq
lqlwldo sulfh ohyho ri 41 Lq dwlrq ghfuhdvhv zhoiduh/ wkrxjk zh duh odujho| djqrvwlf dv wr zk| wklv lv
vr1 Wr eh pruh suhflvh/ zh dvvxph wkdw dq lq dwlrq udwh ri  uhgxfhv wkh hfrqrp|*v hqgrzphqw





1 Wklv h{suhvvlrq lv frqvlvwhqw zlwk wkh vwdqgdug dvvxpswlrqv rq
phqx frvwv1 Dv lq Dohvlqd dqg Eduur +5335,/ wkh frvw lv lqfuhdvlqj lq wkh udwh ri lq dwlrq dqg
sursruwlrqdo wr wkh hfrqrp|*v hqgrzphqw1 Qrplqdo uljlglwlhv duh qrw wkh rqo| lqwhusuhwdwlrq
wkrxjk1 Rxu h{suhvvlrq iru wkh frvw ri lq dwlrq dovr wv d vhljqrudjh iudphzrun1 Lq sduwlfxodu/
5Zh zloo odwhu glvfxvv glhuhqw irupv ri dv|pphwulhv ehwzhhq frxqwulhv1
6Zh dvvxph d yhorflw| ri prqh| ri 4/ vlqfh d shulrg lq wklv prgho grhv qrw kdyh dq h{solflw gxudwlrq1
7Vhh Pdjloo dqg Txlq}ll +4<<9,/ Fkdswhu :1 Zh suhihu wr irfxv rq lqgh{hg qrplqdo vhfxulwlhv/ wkrxjk/ ehfdxvh
wkh prgholqj lv voljkwo| pruh hohjdqw/ dqg ehfdxvh lw vhhpv pruh qdwxudo lq d prqhwdu| prgho wr wklqn ri frqwudfwv
gholyhulqj wkh prqhwdu| htxlydohqw ri sk|vlfdo jrrgv/ udwkhu wkdq wkh sk|vlfdo jrrgv wkhpvhoyhv1 Zh zloo uhwxuq wr
wklv lvvxh lq Vhfwlrq 6141
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dvvxph wkh fhqwudo edqn sulqwv prqh| wr fuhdwh lq dwlrq ri 1 Wklv h{wud prqh| doorzv lw wr
ex| xs @+4 . ,T ri wkh frxqwu|*v hqgrzphqw1 Li ehfdxvh ri lqh!flhqflhv wkh fhqwudo edqn
zdvwhv d iudfwlrq / dqg uhglvwulexwhv wkh uhvw wr wkh srsxodwlrq/ lq dwlrq  ohdgv wr d gurs lq wkh
hqgrzphqw e| @+4.,T1 Iru vpdoo hqrxjk ohyhov ri / wklv orvv fdq eh dssur{lpdwhg e| T/
dq h{suhvvlrq lghqwlfdo wr wkh rqh deryh1
Wkh jrdo ri wklv sdshu lv wr vwxg| prqhwdu| srolf| uxohv xqghu xqlodwhudo frpplwphqw1 Wr
hqvxuh wkdw rxu uhvxowv duh qrw gulyhq e| uhvwulfwlrqv rq srolf| vhwv/ zh dvvxph wkdw fhqwudo edqnv
fdq frpplw wr frqwlqjhqw prqhwdu| srolflhv1 Vlqfh rqo| wkh rog frqvxph/ d frxqwu|*v zhoiduh
lv phdvxuhg e| wkh xwlolw| ri lwv rog1 Hdfk fhqwudo edqn vhwv frqwlqjhqw lq dwlrq udwhv  rqh
iru hdfk vwdwh  wr pd{lpl}h wkh zhoiduh ri lwv rog/ wdnlqj wkh srolf| ri wkh rwkhu fhqwudo edqn
dv jlyhq1 Wkh srolf| uxohv wkhuhiruh fruuhvsrqg wr wkh Qdvk htxloleulxp ri wkh qrq0frrshudwlyh
jdph ehwzhhq wkh wzr fhqwudo edqnv1 Qrwh wkdw e| hqgrzlqj wkh prqhwdu| dxwkrulwlhv zlwk wkh
delolw| wr frpplw/ zh dvvxph dzd| fuhglelolw| sureohpv1 Lw lv zhoo nqrzq wkdw srolf| uxohv pd|
eh g|qdplfdoo| lqfrqvlvwhqw li wkh ehqhw iurp ghyldwlqj lv juhdwhu wkdq lwv frvw1 Krzhyhu/ vlqfh
wklv sdshu dlpv wr vkrz wkdw wkhuh duh rwkhu uhdvrqv wkdw pd| ohdg wr vxerswlpdo lq dwlrq udwhv/
zh devwudfw iurp wkhvh lvvxhv1
Wr xqghuvwdqg wkh phfkdqlfv ri wkh prgho/ lw lv lpsruwdqw wr eh fohdu derxw wkh vhtxhqflqj
ri hyhqwv lq hdfk shulrg=
41 Fhqwudo edqnv vlpxowdqhrxvo| dqg lqghshqghqwo| frpplw wr frqwlqjhqw prqhwdu| srolf|
uxohv1
51 Wkh rog iurp erwk frxqwulhv h{fkdqjh lqgh{hg qrplqdo vhfxulwlhv1
61 Wkh vwdwh ri qdwxuh lv uhyhdohg1 Fhqwudo edqnv vhw wkh prqh| vxsso| lq dffrugdqfh zlwk wkh
lq dwlrq ohyho wkh| frpplwwhg wr1
71 Lqgh{hg qrplqdo vhfxulwlhv duh uhghhphg1
81 Wkh rog vshqg doo wkhlu prqh| kroglqjv wr ex| xs wkh hqgrzphqw +qhw ri lq dwlrq frvwv,
iurp wkh |rxqj1
Lw lv qrz hdv| wr vhh krz dw wkh ehjlqqlqj ri hdfk shulrg wkh rog hqg xs zlwk doo ri wkh
orfdo fxuuhqf|1 Vlqfh dw wkh hqg ri hdfk shulrg wkh rog xvh wkhlu prqh| kroglqjv wr ex| xs wkh
hqgrzphqw iurp wkh |rxqj/ dqg vlqfh jrrgv duh sdlg iru lq wkh orfdo fxuuhqf|/ wkh |rxqj uhfhlyh
doo wkh fxuuhqf| ri wkhlu uhvshfwlyh frxqwulhv1 Dw wkh ehjlqqlqj ri wkh qh{w shulrg/ wkhuhiruh/
wkh +e| wkhq, rog ri hdfk frxqwu| krog wkh hqwluh vwrfn ri orfdo fxuuhqf|1 Qrwh/ ixuwkhupruh/
wkdw doo shulrgv duh lghqwlfdo= vlqfh djhqwv rqo| frqvxph zkhq wkh| duh rog dqg vlqfh jrrgv duh
qrqvwrudeoh/ wkhuh lv qr lqwhuwhpsrudo wudgh1 Iru wkh uhvw ri wkh sdshu lw zloo wkhuhiruh vx!fh wr
irfxv rq mxvw rqh shulrg1
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515 Glvfxvvlrq ri wkh prgho
Dowkrxjk lq rxu prgho xqlodwhudo frpplwphqw lpsolhv wkdw uhdol}hg lq dwlrq lv dozd|v shuihfwo|
dqwlflsdwhg/ zh zloo vhh wkdw fhqwudo edqnv vwloo fkrrvh srolf| uxohv wkdw ghyldwh iurp sulfh vwdelolw|
lq dq dwwhpsw wr lpsuryh wkh whupv ri wudgh ri lqgh{hg qrplqdo vhfxulwlhv1 Wklv srvvlelolw| ri
wlqnhulqj zlwk wkh uhodwlyh sulfhv ri vhfxulwlhv lv edvhg rq wzr fuxfldo dvvxpswlrqv= +l, fhqwudo
edqnv frpplw wr prqhwdu| srolf| ehiruh djhqwv wudgh lq vhfxulw| pdunhwv dqg +ll, lq dwlrq lv
zhoiduh ghfuhdvlqj1
Wkh uvw dvvxpswlrq doorzv fhqwudo edqnv wr dhfw rxwfrphv lq vhfxulw| pdunhwv dqg lv mxvwlhg
e| qrwlflqj wkdw hdfk fhqwudo edqn qgv lw lqglylgxdoo| rswlpdo wr ghflgh frqwlqjhqw lq dwlrq udwhv
lq dgydqfh1 E| vhwwlqj prqhwdu| srolf| xsiurqw/ d fhqwudo edqn fdq pdqlsxodwh wkh whupv ri wudgh
ri vhfxulwlhv wr lwv ehqhw> li/ lqvwhdg/ lw zhuh wr vhw prqhwdu| srolf| diwhu revhuylqj wkh vwdwh ri
qdwxuh/ lw zrxog jlyh xs wklv srvvlelolw|1
Wkh vhfrqg dvvxpswlrq jlyhv fhqwudo edqnv d phdqv ri pdqlsxodwlqj wkh whupv ri wudgh ri vh0
fxulwlhv1 E| fuhdwlqj lq dwlrq lq wkh idyrudeoh vwdwh ri qdwxuh/ d fhqwudo edqn uhgxfhv lwv frxqwu|*v
hqgrzphqw lq wkdw vwdwh1 Wklv orzhuv wkh qhw vxsso| ri wkh vhfxulw| pdnlqj d sd|phqw lq wkdw
vwdwh/ dqg wkhuhiruh sxvkhv xs lwv sulfh1
Ri frxuvh erwk fhqwudo edqnv wu| wr lpsuryh wkhlu whupv ri wudgh1 Lq wkh v|pphwulf vhwwlqj/
wkhvh hruwv fdqfho hdfk rwkhu rxw/ vr wkdw wkh qrq0frrshudwlyh rxwfrph ohdyhv erwk sduwlhv zruvh
r/ zlwk frvwo| lq dwlrq dqg xqfkdqjhg whupv ri wudgh1
6 Prqhwdu| srolf| xqghu xqlodwhudo frpplwphqw
Lq wklv vhfwlrq zh ghulyh wkh htxloleulxp ri wkh prqhwdu| srolf| jdph ghvfulehg deryh1 Zh
vroyh wkh prgho edfnzdugv1 Iluvw zh ghwhuplqh wkh vhfxulw| pdunhw htxloleulxp iru jlyhq prqhwdu|
srolf| uxohv1 Wkhq zh pryh wr wkh suhylrxv vwdjh lq zklfk fhqwudo edqnv vlpxowdqhrxvo| dqg
lqghshqghqwo| fkrrvh wkh srolf| uxohv1 Fhqwudo edqnv xqghuvwdqg krz wkhlu ghflvlrqv wudqvodwh
lqwr vhfxulwlhv sulfhv dqg wudghv/ dqg hyhqwxdoo| lqwr h{shfwhg xwlolwlhv1 Lq wkh Qdvk htxloleulxp
ri wklv jdph/ hdfk fhqwudo edqn pd{lpl}hv wkh zhoiduh ri lwv rog/ wdnlqj wkh prqhwdu| srolf| ri
wkh rwkhu fhqwudo edqn dv jlyhq1
614 Wkh vhfrqg vwdjh= vroylqj iru wkh vhfxulw| pdunhw htxloleulxp
Zh vwduw e| orrnlqj dw wkh rswlpl}dwlrq sureohp ri wkh uhsuhvhqwdwlyh rog djhqw lq wkh Zhvw
iru jlyhq prqhwdu| srolf| uxohv lq erwk frxqwulhv1 Ohw {`r eh klv sxufkdvh  ru vdoh/ li {
`
r lv d
qhjdwlyh qxpehu  ri qrplqdo lqgh{hg vhfxulw| v @ $> %1 Wr vlpsoli| wkh rswlpl}dwlrq h{suhvvlrq/
qrwh wkdw d fhqwudo edqn*v lqfhqwlyh wr frpplw wr vwulfwo| srvlwlyh lq dwlrq rqo| h{lvwv lq wkdw
vwdwh ri qdwxuh lq zklfk lwv frxqwu| h{shulhqfhv d idyrudeoh vkrfn1 Frpplwwlqj wr vwulfwo| srvlwlyh
lq dwlrq lq wkh xqidyrudeoh vwdwh lv fohduo| grplqdwhg e| frpplwwlqj wr }hur lq dwlrq1 Lqghhg/
frvwo| lq dwlrq lq wkh xqidyrudeoh vwdwh zrxog sxvk xs wkh frxqwu|*v ghpdqg iru wkh vhfxulw| lw
:
lv douhdg| d ghpdqghu ri1 Dv d uhvxow/ wkh sulfh ri wkdw vhfxulw| zrxog lqfuhdvh/ dprxqwlqj wr d
zruvhqlqj lq wkh frxqwu|*v whupv ri wudgh1 Wklv lpsolhv wkdw lq htxloleulxp `0 @ 
.
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zkhuh s lv wkh sulfh ri vhfxulw| % uhodwlyh wr wkh sulfh ri vhfxulw| $1 Zh uhihu wr s dv wkh Hdvw*v
whupv ri wudgh lq vhfxulwlhv +dqg wr 4@s dv wkh Zhvw*v whupv ri wudgh lq vhfxulwlhv,1 Dowkrxjk
lqgh{hg qrplqdo vhfxulwlhv dqg uhdo vhfxulwlhv duh htxlydohqw lq wkdw wkh ydoxh ri qhlwkhu fdq eh
lq dwhg dzd|/ wkhuh lv d voljkw glhuhqfh lq krz wkh| zrxog vkrz xs lq htxdwlrq +6,1 Wr vhh wklv/
uhphpehu wkdw wkh frvw ri lq dwlrq lv d sursruwlrq ri doo frpprglwlhv erxjkw zlwk prqh|1 Li/ dv lq
+6,/ zh xvh qrplqdo lqgh{hg vhfxulwlhv/ gholyhulqj wkh prqhwdu| htxlydohqw ri sk|vlfdo jrrgv/ wkh
lq dwlrq frvw lv d sursruwlrq ri wkh frxqwu|*v hqwluh hqgrzphqw1 Li/ lqvwhdg/ zh zhuh wr xvh uhdo
vhfxulwlhv/ gholyhulqj sk|vlfdo jrrgv/ wkh lq dwlrq frvw zrxog rqo| eh d sursruwlrq ri wkh frxqwu|*v
hqgrzphqw qhw ri vhfxulwlhv1 Wkh txdolwdwlyh uhvxowv zrxog qrw fkdqjh wkrxjk/ vlqfh wkh rqo|
fuxfldo hohphqw lq rxu prgho lv wkdw lq dwlrq kdv d qhjdwlyh zhoiduh hhfw1 Zh suhihu wr irfxv rq
lqgh{hg qrplqdo vhfxulwlhv ehfdxvh wkh dojheud lv voljkwo| pruh hohjdqw1 Pruhryhu/ dv srlqwhg rxw
e| Pdjloo dqg Txlq}ll +4<<9,/ lq d prqhwdu| prgho lw vhhpv pruh qdwxudo wr wklqn ri frqwudfwv
gholyhulqj wkh prqhwdu| htxlydohqw ri uhdo jrrgv1
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Pdunhw fohdulqj uhtxluhv wkdw=
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= +43,
Qrwlfh wkdw es lv d ixqfwlrq ri `/ dqg .0 1 E| vxevwlwxwlqj +43, lqwr +9,0+<, zh fdq wkhuhiruh zulwh
htxloleulxp qhw ghpdqgv ri vhfxulwlhv dv ixqfwlrqv ri wkh lq dwlrq udwhv= e{r `/ > .0 / l @ H>Z /
v @ $> %1
615 Wkh uvw vwdjh= vroylqj iru wkh rswlpdo srolf| uxohv
Qrz wkdw zh kdyh fkdudfwhul}hg krz htxloleulxp qhw ghpdqgv ri vhfxulwlhv ghshqg rq lq dwlrq
udwhv/ zh fdq pryh edfn wr wkh suhylrxv vwdjh dqg ghulyh wkh prqhwdu| srolf| uxohv1 Jlyhq wkdw
hdfk fhqwudo edqn frpplwv wr wkh prqhwdu| srolf| uxoh wkdw pd{lpl}hv wkh h{ dqwh zhoiduh ri lwv
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Qrwh wkdw zh duh uhvwulfwlqj lq dwlrq wr eh zhdno| srvlwlyh19 Lq d vlplodu zd|/ wkh ehvw uhvsrqvh
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Wkh uvw rughu frqglwlrqv wr sureohpv +44, dqg +45, jlyh wkh ehvw uhvsrqvhv ri wkh fhqwudo edqnv
dqg wkhlu lqwhuvhfwlrq jlyhv wkh Qdvk htxloleulxp lq dwlrq udwhv1
8Uhfdoo wkdw zh kdyh dujxhg wkdw lq htxloleulxp Z`0 ' Z
.
/ ' f ehfdxvh vhwwlqj d vwulfwo| srvlwlyh ydoxh iru Z
`
0
+Z./ , lv grplqdwhg iru wkh fhqwudo edqn ri wkh Zhvw +Hdvw, e| vhwwlqj Z
`
0 ' f +Z
.
/ ' f,1 Iru wklv uhdvrq zh fdq
vlpsoli| qrwdwlrq e| uhvwulfwlqj dwwhqwlrq wr wkh lq dwlrq udwhv vhw e| fhqwudo edqnv iru wkh vwdwhv ri qdwxuh idyrudeoh
wr wkhlu uhvshfwlyh uhvlghqwv/ l1h1/ Z`/ dqg Z
.
0 1
9Li wkh frvw ri lq dwlrq lv lqwhusuhwhg dv phqx frvwv/ rqh frxog ri frxuvh dujxh wkdw lq dwlrq dqg gh dwlrq kdyh
wkh vdph hhfwv1 Lq wkdw fdvh/ wkh lqfhqwlyh wr fuhdwh lq dwlrq zrxog pruh jhqhudoo| ehfrph dq lqfhqwlyh wr fuhdwh
sulfh lqvwdelolw|1
<
Ehiruh ghulylqj wkh uvw rughu frqglwlrqv/ qrwh iurp +44, dqg +45, wkdw lq dwlrq dhfwv wkh
ghpdqg dqg vxsso|  dqg wkxv wkh sulfh  ri vhfxulwlhv1 Fhqwudo edqnv fdq wkhuhiruh xvh prqhwdu|
srolf| wr lpsuryh wkh whupv ri wudgh ri vhfxulwlhv1 Lq sduwlfxodu/ d fhqwudo edqn pd| kdyh dq
lqfhqwlyh wr frpplw wr vwulfwo| srvlwlyh lq dwlrq iru wkh vwdwh lq zklfk lwv frxqwu| h{shulhqfhv d
idyrudeoh vkrfn1 Wkh dujxphqw uxqv dv iroorzv1 Lq dwlrq lq d jlyhq vwdwh v orzhuv wkh hqgrzphqw
ri wkh frxqwu|*v |rxqj1 Wklv vpdoohu hqgrzphqw uhgxfhv zkdw wkh frxqwu|*v rog fdq frqvxph/
pdnlqj wkhp ohvv zloolqj wr vxsso| vhfxulw| v1 Wklv sxvkhv xs wkh vhfxulw|*v sulfh1 Li wklv sulfh
lqfuhdvh kdsshqv lq wkh vwdwh lq zklfk wkh frxqwu| uhfhlyhv d srvlwlyh vkrfn/ wkhq wkh frxqwu|
h{shulhqfhv dq lpsuryhphqw lq lwv whupv ri wudgh/ ehfdxvh lq wkdw vwdwh wkh frxqwu|*v rog duh qhw
vxssolhuv ri wkh vhfxulw|1 Wkhq/ li wkh lqgluhfw +srvlwlyh, hhfw ri kljkhu uhodwlyh sulfhv grplqdwhv
wkh gluhfw +qhjdwlyh, hhfw ri d vpdoohu hqgrzphqw/ wkh fhqwudo edqn qgv lw rswlpdo wr frpplw
wr d vwulfwo| srvlwlyh ohyho ri lq dwlrq iru wkdw vwdwh1
Li dq lqwhulru vroxwlrq h{lvwv/ wkh pdujlqdo frvw ri fuhdwlqj lq dwlrq pxvw htxdo wkh pdujlqdo
ehqhw1 Wklv lv uh hfwhg lq wkh uvw rughu frqglwlrqv ri +44, dqg +45,=
+4 . ,  @
{`/es CesC`/ +46,
dqg
+4 . ,  @ 
{.0es CesC.0 +47,
Wkh pdujlqdo frvw ri lq dwlrq  wkh ohiw kdqg vlgh lq +46, dqg +47,  dprxqwv wr wkh iudfwlrq  ri
wkh hqgrzphqw orvw gxh wr phqx frvwv1 Wkh pdujlqdo ehqhw ri lq dwlrq  wkh uljkw kdqg vlgh lq
+46, dqg +47,  fruuhvsrqgv wr wkh pdujlqdo sursruwlrqdo lpsuryhphqw lq wkh whupv ri wudgh ri
vhfxulwlhv pxowlsolhg e| wkh ghpdqg1
Wkh iroorzlqj sursrvlwlrq ghulyhv wkh Qdvk htxloleulxp1
Sursrvlwlrq 4 Lq wkh xqltxh Qdvk htxloleulxp ri wkh v|pphwulf jdph/
41 Li  A 5/
e`/ @ e.0 @ 5 7+4 . ,+ 5, +48,
Li  ? 5/
e`/ @ e.0 @ 3 +49,





















Sursrvlwlrq 4 lqglfdwhv wkdw htxloleulxp lq dwlrq lv kljkhu zkhq ulvn dyhuvlrq/ / lv kljkhu1
Zlwk juhdwhu ulvn dyhuvlrq wkh ghpdqg iru vhfxulwlhv lv pruh lqhodvwlf/ vr wkdw d uhgxfwlrq lq
vxsso| kdv d eljjhu lpsdfw rq wkh uhodwlyh sulfhv1 Sxw glhuhqwo|/ zkhq ulvn dyhuvlrq lv kljkhu/
wkh pdujlqdo ehqhw ri lq dwlrq lq wkh idyrudeoh vwdwh lv juhdwhu/ dqg wklv wudqvodwhv lqwr kljkhu
htxloleulxp lq dwlrq1
Sursrvlwlrq 4 dovr hvwdeolvkhv wkdw zkhq wkh vl}h ri wkh vkrfn/ / lqfuhdvhv/ htxloleulxp lq dwlrq
jrhv xs1 Wkhuh duh wzr uhdvrqv iru wklv1 Iluvw/ lq dwlqj lq wkh idyrudeoh vwdwh hqwdlov d frvw zklfk
lv phdvxuhg e| wkh pdujlqdo glvxwlolw| ri uhgxflqj frqvxpswlrq lq wkdw vwdwh1 Zkhq wkh vl}h ri
wkh +srvlwlyh, vkrfn lv odujhu/ ghfuhdvlqj pdujlqdo xwlolw| lpsolhv wkdw wklv frvw lv orzhu1 Vhfrqg/
lq dwlqj lq wkh idyrudeoh vwdwh surgxfhv d ehqhw wkdw lv phdvxuhg e| wkh pdujlqdo xwlolw| ri
wkh lqfuhdvh lq frqvxpswlrq lq wkh xqidyrudeoh vwdwh ehfdxvh ri wkh lpsuryhphqw lq wkh whupv ri
wudgh1 Zkhq wkh vl}h ri wkh +qhjdwlyh, vkrfn lv odujhu/ ghfuhdvlqj pdujlqdo xwlolw| lpsolhv wkdw
wklv ehqhw lv kljkhu1
Qrwlfh wkdw dffruglqj wr Sursrvlwlrq 4 htxloleulxp lq dwlrq lv srvlwlyh rqo| zkhq  dqg2ru 
duh vx!flhqwo| kljk1 Zh kdyh douhdg| h{sodlqhg zk| kljkhu ydoxhv ri  dqg2ru  jhqhudwh kljkhu
lq dwlrq ohyhov1 Dv iru wkh fruqhu vroxwlrqv dw orz ydoxhv ri  dqg / wkh| vkrxog eh ylhzhg dv
dq duwlidfw ri wkh vlpsolflw| ri wkh prgho1 Lq sduwlfxodu/ li frqvxphu suhihuhqfhv zhuh wr lqfoxgh
sxeolf jrrgv qdqfhg e| vhljqrudjh/ wkh lqfhqwlyh wr fuhdwh lq dwlrq zrxog eh pxfk juhdwhu1
Ixuwkhupruh uhpdun wkdw wkh sdudphwhu phdvxulqj wkh pdujlqdo frvw ri lq dwlrq/ / grhv qrw
dhfw wkh frqglwlrq iru dq lqwhulru vroxwlrq1 Wkh uhdvrq lv wkdw hdfk fhqwudo edqn rswlpl}hv wkh
uhgxfwlrq lq lwv frxqwu|*v hqgrzphqw1 Vlqfh wkh gurs lq wkh hqgrzphqw ghshqgv rq / d kljkhu 
vlpso| ohdgv wr d orzhu / ohdylqj  xqfkdqjhg1 Dv d uhvxow/ zkhwkhu rswlpdo lq dwlrq lv vwulfwo|
srvlwlyh ru qrw grhv qrw ghshqg rq 1
Dv erwk fhqwudo edqnv lqglylgxdoo| vwulyh wr pdqlsxodwh wkh uhodwlyh sulfhv ri vhfxulwlhv wr wkhlu
ehqhw/ v|pphwu| lpsolhv wkdw lq htxloleulxp wkh rog uhvlghqwv ri erwk frxqwulhv hqg xs zruvh
r1 Wkh iroorzlqj sursrvlwlrq vxppdul}hv wklv lqvljkw=
Sursrvlwlrq 5 Lq wkh v|pphwulf jdph/ li  A 5/
41 Wkh htxloleulxp uhodwlyh sulfh ri qrplqdo lqgh{hg vhfxulwlhv lv 41
51 Wkh htxloleulxp doorfdwlrq lv lqh!flhqw1
Surri1 Vhh Dsshqgl{ D151
Wkhvh uhvxowv duh lqwxlwlyh1 Li frxqwulhv duh v|pphwulf/ wkhlu dwwhpswv dw xvlqj lq dwlrq wr
lpsuryh wkh whupv ri wudgh ri wkhlu vhfxulwlhv fdqfho hdfk rwkhu rxw frpsohwho|1 Qrwh dovr wkdw/ vlqfh
lq hdfk vwdwh ri qdwxuh rqh ri wkh wzr frxqwulhv fuhdwhv lq dwlrq/ dqg vlqfh wkdw ohyho ri lq dwlrq lv
lghqwlfdo/ wkh djjuhjdwh hqgrzphqw qhw ri wkh orvvhv iurp lq dwlrq uhpdlqv frqvwdqw dfurvv vwdwhv
ri qdwxuh1 Wklv lpsolhv wkdw htxloleulxp wudghv doorz wkh rog wr ixoo| vprrwk frqvxpswlrq1 Exw
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wkh htxloleulxp doorfdwlrq lv lqh!flhqw/ ehfdxvh fuhdwlqj lq dwlrq lv htxlydohqw wr ghfuhdvlqj wkh
hqgrzphqw1 Wklv pdnhv erwk frxqwulhv zruvh r frpsduhg wr d vlwxdwlrq ri sulfh vwdelolw|/ dv
erwk vxhu wkh qhjdwlyh zhoiduh hhfwv ri lq dwlrq/ zkloh qhlwkhu ehqhwv iurp dq lpsuryhphqw
lq wkh whupv ri wudgh dw zklfk wkh| rewdlq lqvxudqfh1
616 Ghyldwlqj iurp v|pphwu|
Zh qrz zdqw wr eulh | glvfxvv li dqg krz rxu uhvxowv fkdqjh zkhq zh pryh dzd| iurp rxu
v|pphwulf vhwxs1 Wkhuh duh ri frxuvh pdq| glhuhqw w|shv ri dv|pphwulhv> khuh zh fkrrvh wr
irfxv rq glhuhqfhv lq frxqwu| vl}h1: Pruh vshflfdoo|/ zh dvvxph wkh Zhvw*v srsxodwlrq ri |rxqj
dqg ri rog lqfuhdvhv wr 4 . / zlwkrxw dhfwlqj shu fdslwd hqgrzphqw/ vr wkdw wkh uhsuhvhqwdwlyh
|rxqj djhqw ri wkh Zhvw vwloo jhwv dq hqgrzphqw ri 4 .  li v @ $/ dqg 4   li v @ %1; Wkh
pd{lpl}dwlrq sureohpv ri wkh rog uhsuhvhqwdwlyh djhqwv ri Zhvw dqg Hdvw  h{suhvvlrqv +6, dqg
+7,  duh wkhuhiruh xqfkdqjhg1 Wkh pdunhw fohdulqj frqglwlrq +8,/ krzhyhu/ qrz orrnv glhuhqw
dv d frqvhtxhqfh ri wkh Zhvw*v juhdwhu srsxodwlrq=
{.r @ +4 . ,{
`
r / v @ $> % +4:,
Wklv/ lq wxuq/ dhfwv wkh h{suhvvlrq ri wkh htxloleulxp sulfh ri vhfxulwlhv +43,=
es @ +4 . ,+4 . ,+4 `/ , . +4 ,
+4 . ,+4 .0 , . +4 ,+4 . ,
4
+4;,
Wkh edvlf phfkdqlvp frqwlqxhv wr dsso|1 Wr lpsuryh wkh whupv ri wudgh ri vhfxulwlhv/ hdfk
fhqwudo edqn pd| zlvk wr frpplw wr srvlwlyh lq dwlrq lq wkh vwdwh wkdw lv idyrudeoh wr lwv frxqwu|1
Krzhyhu/ wkhvh htxloleulxp lq dwlrq udwhv qrz glhu dfurvv frxqwulhv1 Dv d uhvxow/ wkh hhfwv rq
wkh uhodwlyh sulfh ri vhfxulwlhv fhdvh wr fdqfho rxw1 Wklv lpsolhv wkdw lq htxloleulxp rqh ri wkh wzr
frxqwulhv ehqhwv iurp dq lpsuryhphqw lq lwv whupv ri wudgh1 Li wklv jdlq lv hqrxjk wr frpshqvdwh
iru frvwo| lq dwlrq/ wkdw frxqwu| pd| dfwxdoo| hqg xs ehwwhu r wkdq xqghu sulfh vwdelolw|1
Zh qrz wxuq wr d qxphulfdo h{dpsoh wr looxvwudwh wkhvh lqvljkwv1 Zh vhw  @ 3=8/ dqg wr pdnh
vxuh zh jhw srvlwlyh lq dwlrq lq htxloleulxp/ zh fkrrvh  @ 58 dqg  @ 3=41 Iljxuhv 4 dqg 5 sorw
wkh htxloleulxp ohyhov ri lq dwlrq lq wkh Zhvw dqg wkh Hdvw dv d ixqfwlrq ri wkh Zhvw*v uhodwlyh
vl}h1 Iljxuh 6 sorwv wkh uhodwlyh sulfh ri vhfxulwlhv= d udwlr ehorz 4 lqglfdwhv dq lpsuryhphqw lq
wkh Zhvw*v whupv ri wudgh/ frpsduhg wr d vlwxdwlrq zlwkrxw glvwruwlrqv1< Iljxuh 7 sorwv wkh Zhvw*v
zhoiduh= d srvlwlyh ydoxh uhsuhvhqwv dq lpsuryhphqw frpsduhg wr sulfh vwdelolw|143
Dv fdq eh vhhq lq Iljxuhv 4/ 6 dqg 7/ lqfuhdvlqj wkh uhodwlyh vl}h ri wkh Zhvw lqlwldoo| ohdgv wr
kljkhu lq dwlrq/ dq lpsuryhphqw lq lwv whupv ri wudgh/ dqg juhdwhu zhoiduh1 Krzhyhu/ dv wkh vl}h
:Dsshqgl{ E glvfxvvhv rwkhu w|shv ri dv|pphwulhv/ vxfk dv glhuhqfhv lq wkh suredelolwlhv ri uhfhlylqj d srvlwlyh
vkrfn1
; Qrwh wkdw wklv vhwxs lqwurgxfhv djjuhjdwh xqfhuwdlqw|= zkhq wkh odujhu frxqwu| uhfhlyhv wkh srvlwlyh vkrfn +lq
vwdwh /, wkh djjuhjdwh hqgrzphqw lv juhdwhu wkdq zkhq wkh vpdoohu frxqwu| jhwv wkh srvlwlyh vkrfn +lq vwdwh 0,1
Dsshqgl{ E15 glvfxvvhv vl}h dv|pphwulhv ehwzhhq frxqwulhv wkdw gr qrw ohdg wr djjuhjdwh xqfhuwdlqw|1
<Lq rwkhu zrugv/ wkh uhodwlyh sulfh ri vhfxulwlhv lq wkh devhqfh ri glvwruwlrqv kdv ehhq qrupdol}hg wr 41
43Zhoiduh xqghu sulfh vwdelolw| kdv ehhq qrupdol}hg wr 31
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frqwlqxhv wr lqfuhdvh/ wkhvh uhvxowv duh sduwo| uhyhuvhg1 Wkhuh duh wzr rssrvlqj irufhv dw zrun1
Rq wkh rqh kdqg/ d jlyhq lqfuhdvh lq lq dwlrq kdv d eljjhu hhfw rq uhodwlyh sulfhv/ wkh odujhu
wkh uhodwlyh vl}h ri wkh frxqwu|1 Iru d vdph pdujlqdo frvw lq whupv ri shu fdslwd hqgrzphqw/ wkh
pdujlqdo ehqhw ri lq dwlrq lv eljjhu lq wkh odujhu frxqwu|1 Wklv phdqv wkh Zhvw whqgv wr glvwruw
pruh dqg ehqhw pruh dv lw jurzv lq vl}h1 Rq wkh rwkhu kdqg/ d vdph sursruwlrqdo vkrfn lq erwk
frxqwulhv lpsolhv d eljjhu devroxwh vkrfn lq wkh odujhu frxqwu|1 Dv d uhvxow/ lq vwdwh v @ $ d
srvlwlyh vkrfn lq wkh Zhvw wudqvodwhv lqwr d srvlwlyh djjuhjdwh vkrfn/ dqg lq vwdwh v @ % d qhjdwlyh
vkrfn lq wkh Zhvw ohdgv wr d qhjdwlyh djjuhjdwh vkrfn1 Wklv uhgxfhv wkh vfrsh iru ulvn vkdulqj/
vr wkdw wkh Zhvw whqgv wr glvwruw ohvv dqg ehqhw ohvv dv lw jurzv lq vl}h1 Wkhvh rssrvlqj irufhv
h{sodlq wkh qrqprqrwrqh uhodwlrqv lq Iljxuhv 4/6/ dqg 71
Wkh uhvxow zh zdqw wr hpskdvl}h lv wkdw wkh odujhu frxqwu| pd| eh ehwwhu r xqghu wkh
qrqfrrshudwlyh Qdvk htxloleulxp wkdq xqghu wkh ehqfkpdun ri sulfh vwdelolw|1 Wklv kdsshqv iru
wzr uhdvrqv1 Iluvw/ odujhu frxqwulhv qg lw hdvlhu wr pdqlsxodwh uhodwlyh sulfhv/ dqg pd| zlvk wr
h{sorlw wklv dgydqwdjh1 +Wklv hhfw grplqdwhv lq wkh xszdug vorslqj sduw ri Iljxuh 71, Vhfrqg/
odujhu frxqwulhv vwdqg wr jdlq ohvv iurp h!flhqw ulvn vkdulqj/ dv frxqwu|0vshflf vkrfnv wudqvodwh
lqwr djjuhjdwh vkrfnv1 +Wklv hhfw grplqdwhv lq wkh grzqzdug vorslqj sduw ri Iljxuh 71, Qrwh/
krzhyhu/ wkdw wkh lqfuhdvhg zhoiduh uhodwlyh wr sulfh vwdelolw| grhv qrw lpso| wkhuh lv qr urrp iru
frrshudwlrq1 Lq jhqhudo/ wkh qrqfrrshudwlyh Qdvk rxwfrph frqwlqxhv wr fuhdwh h{fhvv lq dwlrq/ vr
wkdw prqhwdu| frrshudwlrq pd| vwloo eh Sduhwr lpsurylqj1 Wkhvh lvvxhv zloo eh ixuwkhu glvfxvvhg
lq wkh qh{w vhfwlrq1
7 Prqhwdu| Frrshudwlrq
Dv vwdwhg lq Sursrvlwlrq 5/ xqlodwhudo frpplwphqw e| wzr vhsdudwh fhqwudo edqnv ohdgv wr
dq lqh!flhqw rxwfrph1 Li frxqwulhv duh v|pphwulf/ srvlwlyh lq dwlrq ghfuhdvhv zhoiduh lq erwk
frxqwulhv/ zlwkrxw fkdqjlqj wkhlu whupv ri wudgh1 Lq vxfk dq hqylurqphqw prqhwdu| frrshudwlrq
pd| ohdg wr d vxshulru rxwfrph1 Frrshudwlrq fdq wdnh rq glhuhqw irupv1 Vhsdudwh fhqwudo edqnv
pd| frqwlqxh wr h{lvw/ zlwk wkh glhuhqfh wkdw wkh| qrz +h{solflwo| ru lpsolflwo|, frruglqdwh wkhlu
prqhwdu| srolflhv1 Ru d frpprq fhqwudo edqn pd| hphujh wkdw lvvxhv d frpprq fxuuhqf|1 Zh
zloo pdlqo| irfxv rq wkh fdvh ri frruglqdwlrq ehwzhhq wzr vhsdudwh fhqwudo edqnv1
Xqghu prqhwdu| frruglqdwlrq/ hdfk frxqwu|*v prqhwdu| srolf| uxoh lv wkh qhjrwldwhg rxwfrph
ri d edujdlqlqj surfhvv1 Zh irfxv rq wkh Qdvk edujdlqlqj vroxwlrq ri wkh jdph ehwzhhq wkh wzr
fhqwudo edqnv/ hdfk hqgrzhg zlwk wkh suhihuhqfhv ghvfulehg lq +44, dqg +45, dqg zlwk wkuhdw
srlqwv fruuhvsrqglqj wr wkh h{shfwhg xwlolw| ri wkh rog lq wkh htxloleulxp ri wkh qrqfrrshudwlyh
jdph=
fZ @ Z e`/ > e.0 eH @ H e`/ > e.0 
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Sursrvlwlrq 6 Li frxqwulhv duh v|pphwulf/ prqhwdu| frrshudwlrq ohdgv wr }hur lq dwlrq lq erwk
vwdwhv ri qdwxuh1
Surri1 Vhh Dsshqgl{ D161
Wkh lqwxlwlrq lv vwudljkwiruzdug1 Jlyhq wkh v|pphwulf vhwxs/ wkh vroxwlrq pxvw dovr eh v|p0
phwulf= lq rwkhu zrugv/ lw pxvw vdwlvi| wkh frqglwlrq `/ @ 
.
0 1 Iroorzlqj +43,/ wklv lpsolhv wkdw
wkh uhodwlyh sulfh ri vhfxulwlhv uhpdlqv xqfkdqjhg +dqg htxdo wr 4,/ lqghshqghqwo| ri wkh ohyho ri
lq dwlrq1 Jlyhq wkdw qhlwkhu frxqwu| ehqhwv iurp dq lpsuryhphqw lq lwv whupv ri wudgh/ lw iroorzv
wkdw wkh xqltxh Sduhwr rswlpdo vroxwlrq lv wr kdyh }hur lq dwlrq lq erwk vwdwhv ri qdwxuh1
Zh qrz glvfxvv krz rxu sureohp fkdqjhv zkhq zh ghyldwh iurp v|pphwu|1
Sursrvlwlrq 7 Li lq wkh qrqfrrshudwlyh htxloleulxp lq dwlrq lv vwulfwo| srvlwlyh lq erwk frxqwulhv
+e`/ A 3 dqg e.0 A 3,/ prqhwdu| frrshudwlrq ehwzhhq fhqwudo edqnv doorzv iru d Sduhwr vxshulru
rxwfrph1
Surri1 Vhh Dsshqgl{ D171
Wkh uhvxow lv d vlpsoh frqvhtxhqfh ri wkh Sduhwr rswlpdolw| dqg wkh lqglylgxdo udwlrqdolw| ri
wkh Qdvk edujdlqlqj vroxwlrq/ wrjhwkhu zlwk wkh lqh!flhqf| ri wkh Qdvk htxloleulxp doorfdwlrq
ri wkh qrqfrrshudwlyh jdph1 Wr vhh wkh odwwhu/ qrwlfh wkdw/ zkhq e`/ A 3 dqg e.0 A 3/ wkh
htxloleulxp uhodwlyh sulfh es lv jlyhq e| +4;,1 Vlqfh erwk e`/ dqg e.0 duh vwulfwo| srvlwlyh/ lw lv
fohdu wkdw zh fdq rewdlq wkh vdph uhodwlyh sulfh es iru orzhu ydoxhv ri lq dwlrq `/ dqg .0 / vr wkdw
zhoiduh lpsuryhv lq erwk frxqwulhv1 Frrshudwlrq fdq wkhuhiruh ohdg wr d Sduhwr vxshulru rxwfrph/
frpsduhg wr wkh qrqfrrshudwlyh vroxwlrq/ hyhq zkhq frxqwulhv duh qrw v|pphwulf1
Jrlqj edfn wr rxu qxphulfdo h{dpsoh ri dv|pphwulf frxqwu| vl}hv/ Iljxuhv 4 dqg 5 vkrz
wkdw rswlpdo lq dwlrq uhpdlqv vwulfwo| srvlwlyh lq erwk frxqwulhv dv orqj dv wkh Zhvw grhv qrw
ehfrph wrr elj/ vr wkdw dffruglqj wr Sursrvlwlrq 7 lw sd|v r wr frrshudwh1 Krzhyhu/ li wkh Zhvw
frqwlqxhv wr jurz lq vl}h/ rswlpdo lq dwlrq lq wkh Hdvw jrhv wr }hur/ exw uhpdlqv srvlwlyh lq wkh
Zhvw1 Dw wkdw srlqw wkh dujxphqw lq rxu surri euhdnv grzq= zh fdq qr orqjhu orzhu lq dwlrq lq
erwk frxqwulhv/ zlwkrxw fkdqjlqj wkh uhodwlyh sulfh ri vhfxulwlhv/ ehfdxvh lq dwlrq lq wkh vpdoohu
frxqwu| lv douhdg| }hur1 Xqghu wkrvh flufxpvwdqfhv prqhwdu| frruglqdwlrq zrxog eh xqdeoh wr
lpsuryh wkh zhoiduh ri wkh odujhu frxqwu|/ xqohvv qrqglvwruwlrqdu| vlgh sd|phqwv zhuh doorzhg1 Lq
wkdw fdvh prqhwdu| vwdelolw| zrxog dozd|v eh rswlpdo/ vlqfh lw pd{lpl}hv djjuhjdwh frqvxpswlrq1
Lw zrxog wkhq vx!fh wr edujdlq ryhu wkh vl}h ri wkh qrqglvwruwlrqdu| wudqvihuv wr hqvxuh wkdw erwk
sduwlhv jdlq1
Srolf| frrshudwlrq frxog dovr eh dfklhyhg e| dgrswlqj d frpprq fxuuhqf|1 D prqhwdu| xqlrq
zrxog pdnh lw ihdvleoh wr frpplw wr }hur lq dwlrq iru doo vwdwhv ri qdwxuh/ wkxv dfklhylqj dq
h!flhqw rxwfrph1 Lq wkh v|pphwulf fdvh/ wkh htxloleulxp doorfdwlrq zlwk }hur lq dwlrq zrxog
Sduhwr grplqdwh wkh htxloleulxp ri wkh qrqfrrshudwlyh jdph1 Zkhq zh ghyldwh iurp v|pphwu|/
krzhyhu/ qr vxfk jxdudqwhh h{lvwv/ dqg qrqglvwruwlrqdu| vlgh sd|phqwv pd| eh qhfhvvdu| wr hqvxuh
d Sduhwr vxshulru rxwfrph1 Dv d pruh jhqhudo srlqw/ qrwh wkdw wkh htxloleulxp doorfdwlrq lq d
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fxuuhqf| xqlrq zrxog ghshqg rq wkh remhfwlyh ixqfwlrq dqg wkh srolf| uhvwulfwlrqv ri wkh frpprq
fhqwudo edqn1 Wkhvh lqvwlwxwlrqdo ghwdlov wkhpvhoyhv duh olnho| wr eh wkh rxwfrph ri d edujdlqlqj
surfhvv ehwzhhq qdwlrqdo prqhwdu| dqg srolwlfdo dxwkrulwlhv1 D ixoo wuhdwphqw ri wkh fxuuhqf|
xqlrq wkhuhiruh jrhv eh|rqg wkh vfrsh ri wklv sdshu1 Krzhyhu/ dv vxjjhvwhg ehiruh/ lw lv srvvleoh
wr ghvljq d fxuuhqf| xqlrq lq vxfk d zd| wr rewdlq dq htxloleulxp doorfdwlrq wkdw Sduhwr grplqdwhv
wkh htxloleulxp doorfdwlrq ri wkh qrqfrrshudwlyh jdph1
8 Frqfoxglqj Uhpdunv
Lq wklv sdshu zh kdyh vkrzq wkdw wkh delolw| ri fhqwudo edqnv wr xqlodwhudoo| frpplw wr rswlpdo
frqwlqjhqw prqhwdu| srolf| uxohv lv qrw vx!flhqw wr dyrlg h{fhvv lq dwlrq dqg wr hqvxuh h!flhqw
ulvn vkdulqj1 Hyhq zkhq h{shfwhg lq dwlrq lv htxdo wr dfwxdo lq dwlrq/ dqg hyhq zkhq dfwxdo
lq dwlrq lv frvwo|/ fhqwudo edqnv pd| vwloo qg lw ehqhfldo wr fuhdwh sulfh lqvwdelolw|1 Lq sduwlfxodu/
wkh fhqwudo edqn ri d jlyhq frxqwu| pd| fdxvh lq dwlrq/ ehfdxvh lw jhqhudwhv d frvw wkdw uhvwudlqv
wkh vxsso| ri vhfxulwlhv ri zklfk lwv uhvlghqwv duh qhw vxssolhuv1 E| gulylqj xs wkh sulfh ri wkrvh
vhfxulwlhv/ lq dwlrq pd| kdyh d qhw ehqhfldo hhfw rq wkh frxqwu|*v zhoiduh1 Lq rwkhu zrugv/
wkh jhqhudo htxloleulxp hhfwv wxuq wkh frvw ri lq dwlrq lqwr d ehqhw1 Li wkh gluhfw zhoiduh orvv
ri lq dwlrq lv pruh wkdq frpshqvdwhg e| wkh lqgluhfw zhoiduh jdlq iurp dq lpsuryhphqw lq wkh
whupv ri wudgh/ d fhqwudo edqn pd| rswlpdoo| fkrrvh wr fuhdwh lq dwlrq1 Dv wkh fhqwudo edqnv ri
erwk frxqwulhv kdyh wkh vdph lqfhqwlyhv/ wkh whupv ri wudgh hhfwv pd| zdvk rxw/ ohdglqj wr dq
lqh!flhqw htxloleulxp doorfdwlrq1 Wr jhw ulg ri wklv h{whuqdolw| sureohp/ vrph irup ri prqhwdu|
frrshudwlrq lv qhfhvvdu|1
Rxu qglqjv duh uhplqlvfhqw ri Pxqghoo +4<:6, zkr dujxhg wkdw frxqwulhv idflqj dv|pphwulf
vkrfnv vkrxog dgrsw d frpprq fxuuhqf| ehfdxvh fhqwudo edqnv pd| eh whpswhg wr lq dwh dzd|
wkhlu frxqwu|*v qrplqdo sd|phqwv/ wkxv xqghuplqlqj h!flhqw ulvn vkdulqj1 Rxu frqwulexwlrq lv wr
foduli| wkdw prqhwdu| frrshudwlrq pd| vwloo eh qhhghg hyhq zkhq djhqwv wudgh lq qrplqdo lqgh{hg
vhfxulwlhv  zkrvh uhdo ydoxh fdqqrw srvvleo| eh lq dwhg dzd|  dqg hyhq zkhq fhqwudo edqnv
duh deoh wr xqlodwhudoo| frpplw wr rswlpdo frqwlqjhqw srolf| uxohv1
D Surriv ri Sursrvlwlrqv
D14 Surri ri Sursrvlwlrq 4
Sduw 41 Wkh htxloleulxp lv ghqhg dv d vroxwlrq wr +44, dqg +45,/ l1h1/ d frpelqdwlrq ri
prqhwdu| srolflhv +e`/ > e.0 ,/ iurp zklfk qhlwkhu fhqwudo edqn kdv dq lqfhqwlyh wr ghyldwh1 Vlqfh
wkh sureohp lv shuihfwo| v|pphwulf/ dq| vroxwlrq pxvw vdwlvi| e`/ @ e.0 1 Fohduo|/ li e`/ @ e.0 / wkh
htxloleulxp sulfh zloo eh es @ 4= Lqwhulru vroxwlrqv duh fkdudfwhul}hg e| wkh iroorzlqj uvw rughu dqg
vhfrqg rughu frqglwlrqv= CZ@C`/ @ 3/ C
2Z@C+`/ ,
2 ? 3/ CH@C.0 @ 3/ dqg C
2H@C+.0 ,
2 ? 31
Fruqhu vroxwlrqv fdq dulvh lq wzr fdvhv= rq wkh rqh kdqg/ prqhwdu| srolflhv +e`/ > e.0 , @ +3> 3,
frqvwlwxwh dq htxloleulxp li dw wkdw srlqw CZ@C`/ ? 3 dqg CH@C
.
0 ? 3> dqg rq wkh rwkhu
48
kdqg/ prqhwdu| srolflhv +e`/ > e.0 , @ +4> 4, irup dq htxloleulxp li dw wkdw srlqw CZ@C`/ A 3 dqg
CH@C.0 A 31 Zh qrz glvwlqjxlvk ehwzhhq wkh iroorzlqj fdvhv=
41 Fdvh 4=   51
















Ces `/ > .0 
C`/
 +4 . ,  +4<,
@ 5432+4 . ,
7 . +4 . ,e`/ + 5, 5
+5 +4 . ,e`/ ,n4 @ 3 +53,
Vroylqj rxw iru e`/ jlyhv xv=
e`/ @ 5 7+4 . ,+ 5, +54,
Qrwh wkdw wklv vroxwlrq lv zlwklq wkh dffhswdeoh udqjh= 3  e`/  4@1 Wr fkhfn zkhwkhu










+Z`/ 'Z.0 'eZ`/ ,
? 3 +55,
Jlyhq wkdw  A 5/ wkh vhfrqg rughu frqglwlrq krogv1 E| v|pphwu|
e.0 @ 5 7+4 . ,+ 5,
dqg
e`/ > e.0  vdwlvi| wkh htxloleulxp frqglwlrqv1 Lw fdq hdvlo| eh fkhfnhg wkdw wkhuh duh qr
fruqhu vroxwlrqv1
51 Fdvh 5=  ? 5 dqg  A 51
Wdnlqj wkh uvw rughu frqglwlrq ri pd{lpl}dwlrq sureohp +44,/ dqg vroylqj rxw iru e`/ jlyhv
xv wkh vdph h{suhvvlrq dv lq +54,1 Qrwh/ krzhyhu/ wkdw lq wklv fdvh e`/ ? 3/ vr wkdw wkh
vroxwlrq lv rxwvlgh wkh dffhswdeoh udqjh1 Wklv ohdyhv xv zlwk srvvleoh fruqhu vroxwlrqv1 Iru
prqhwdu| srolflhv +`/ > 
.
0 , @ +3> 3, zh kdyh=
CZ +3> 3,
C`/




E| v|pphwu|/ CH +3> 3, @C.0 ? 3/ vr wkdw prqhwdu| srolflhv +e`/ > e.0 , @ +3> 3, frqvwlwxwh dq
htxloleulxp1 Lw fdq hdvlo| eh fkhfnhg wkdw wkhuh gr qrw h{lvw rwkhu fruqhu vroxwlrqv1
61 Fdvh 6=  ? 5 dqg   51
Djdlq/ wkh uvw rughu frqglwlrq ri pd{lpl}dwlrq sureohp +44, lv jlyhq e| +53,1 Lw lv fohdu
wkdw wkh fruuhvsrqglqj ydoxh e`/ lv rxwvlgh wkh doorzhg udqjh= li  @ 5/ e`/ zrxog eh plqxv
49
lqqlw|> li  ? 5/ e`/ @ +5 7,@++4 . ,+ 5,,/ zklfk lv juhdwhu wkdq 4@1 Wklv djdlq
ohdyhv xv zlwk srvvleoh fruqhu vroxwlrqv1 E| dqdorj| zlwk Fdvh 5/ lw fdq hdvlo| eh vkrzq
wkdw prqhwdu| srolflhv +e`/ > e.0 , @ +3> 3, frqvwlwxwh dq htxloleulxp/ dqg wkdw wkhuh duh qr
rwkhu fruqhu vroxwlrqv1
Sduw 51 Iroorzv iurp vwudljkwiruzdug fdofxodwlrqv1
D15 Surri ri Sursrvlwlrq 5
41 Jlyhq wkh sureohp lv v|pphwulf/ zh nqrz wkdw e`/ @ e.0 / vr wkdw dffruglqj wr +43, wkh
htxloleulxp sulfh es @ 41
51 Lq vwdwh v @ $ wkh djjuhjdwh hqgrzphqw +ri erwk frxqwulhv wrjhwkhu, qhw ri lq dwlrq frvw lv
+4.,+4e`/ ,.+4,> vlploduo|/ lq vwdwh v @ % wkh djjuhjdwh hqgrzphqw qhw ri lq dwlrq
frvw lv +4,.+4.,+4e.0 ,1 Vlqfh e`/ @ e.0 / wkh djjuhjdwh hqgrzphqw qhw ri lq dwlrq
lv frqvwdqw dfurvv vwdwhv1 Wklv lpsolhv frpsohwh ulvn vkdulqj> lq hdfk frxqwu| frqvxpswlrq lv
ixoo| vprrwkhg dfurvv vwdwhv1 Jlyhq wkdw frxqwulhv duh v|pphwulf/ hdfk frxqwu| zloo frqvxph
h{dfwo| kdoi ri wkh djjuhjdwh hqgrzphqw qhw ri lq dwlrq1 Vlqfh  A 5/ lq dwlrq lv vwulfwo|
srvlwlyh/ vr wkdw frqvxpswlrq zloo eh orzhu frpsduhg wr wkh fdvh ri sulfh vwdelolw|1
D16 Surri ri Sursrvlwlrq 6













 fZH `/ > .0  eH = +57,
Jlyhq v|pphwu|/ wkh uvw rughu frqglwlrqv fruuhvsrqglqj wr wkh deryh pd{lpl}dwlrq sureohp zloo
dovr eh v|pphwulf/ vr wkdw wkh htxloleulxp ohyhov ri lq dwlrq fruuhvsrqglqj wr wkh Qdvk edujdlqlqj
vroxwlrq zloo eh lghqwlfdo= `/ @ 
.
0 1 Wklv lpsolhv wkdw wkh htxloleulxp uhodwlyh sulfh ri vhfxulwlhv
zloo dozd|v eh htxdo wr 4/ lqghshqghqwo| ri wkh ohyho ri lq dwlrq1 Vlqfh lq dwlrq grhv qrw dhfw wkh
uhodwlyh sulfh ri vhfxulwlhv/ wkh pd{lpl}dwlrq sureohp erlov grzq wr pd{lpl}lqj wkh hqgrzphqw
qhw ri wkh lq dwlrq frvw1 Qrw vxusulvlqjo|/ wklv lpsolhv vhwwlqj lq dwlrq htxdo wr }hur lq erwk
frxqwulhv= `/ @ 
.
0 @ 31
D17 Surri ri Sursrvlwlrq 7
Jlyhq wkh Qdvk edujdlqlqj vroxwlrq lv Sduhwr rswlpdo dqg lqglylgxdoo| udwlrqdo lw vx!fhv wr
vkrz wkdw wkh Qdvk htxloleulxp ri wkh qrqfrrshudwlyh jdph lv lqh!flhqw1 Wr vhh wklv qrwlfh wkdw
iurp +4;,
es @ #+4 . ,+4 . ,+4 e`/ , . +4 ,




zkhuh e`/ A 3 dqg e.0 A 31 Lw lv lpphgldwh wr uhfrjql}h wkdw wkhuh duh ohyhov `/ ? e`/ dqg
.0 ? e.0 / wkdw pdlqwdlq wkh ydoxh ri wkh uhodwlyh sulfh +58,1 Li lq dwlrq lv orzhu lq erwk frxqwulhv/
dqg wkh uhodwlyh sulfh ri vhfxulwlhv lv xqfkdqjhg/ zhoiduh lq erwk frxqwulhv kdv lqfuhdvhg1
E Lqiodwlrq zlwk dv|pphwulf frxqwulhv
E14 Glhuhqw suredelolwlhv ri srvlwlyh vkrfnv dfurvv frxqwulhv
Lq wklv vhfwlrq zh dvvxph wkdw vwdwh $ kdsshqv zlwk suredelolw| t dqg vwdwh % zlwk suredelolw|
4 t1 Iljxuhv 8 dqg 9 sorw wkh htxloleulxp lq dwlrq udwhv iru Zhvw +zkhq v @ $, dqg Hdvw +zkhq
v @ %, lq ixqfwlrq ri t1 Dv fdq eh vhhq/ wkh orzhu wkh suredelolw| ri uhfhlylqj d srvlwlyh vkrfn/
wkh kljkhu wkh rswlpdo lq dwlrq udwh1 Wkh lqwxlwlrq lv wkh iroorzlqj1 Lq dwlrq ohdgv wr d gurs
lq wkh hqgrzphqw zkhqhyhu wkh frxqwu| h{shulhqfhv d srvlwlyh vkrfn1 Wkhuhiruh/ wkh orzhu wkh
suredelolw| ri uhfhlylqj d srvlwlyh vkrfn/ wkh orzhu wkh h{shfwhg frvw ri lq dwlrq/ dqg wkh kljkhu
wkh rswlpdo lq dwlrq udwh1 Wkh glhuhqw lq dwlrq udwhv lq Zhvw dqg Hdvw ohdgv wr xqfhuwdlqw| lq
djjuhjdwh hqgrzphqw qhw ri lq dwlrq orvvhv/ vr wkdw ulvn vkdulqj ehfrphv lqfrpsohwh= dv vrrq dv
zh ghyldwh iurp t @ 4@5/ wkhuh lv ohvv0wkdq0ixoo frqvxpswlrq vprrwklqj lq hdfk frxqwu|1
Pruhryhu/ wkh dv|pphwu| lpsolhv wkdw wkh whupv ri wudgh ri rqh ri wkh wzr frxqwulhv pd|
lpsuryh1 Iljxuh : looxvwudwhv wklv srlqw= lw sorwv s lq wkh qrq0frrshudwlyh rxwfrph/ uhodwlyh wr
s lq wkh devhqfh ri lq dwlrq1 Li wkh udwlr lq Iljxuh : ulvhv deryh 4/ Hdvw*v whupv ri wudgh lq
vhfxulwlhv lpsuryh> li wkh udwlr gursv ehorz 4/ Zhvw*v whupv ri wudgh lpsuryh1 Iljxuh : vkrzv dq
lpsuryhphqw lq Zhvw*v whupv ri wudgh dv t gursv ehorz 4251 Wklv lv frqvlvwhqw zlwk rxu qglqjv
lq Iljxuhv 8 dqg 9= iru t ehorz 425/ lq dwlrq lv kljkhu lq Zhvw wkdq lq Hdvw/ vr wkdw wkh glvwruwlyh
fdsdflw| ri Zhvw lv juhdwhu wkdq wkdw ri Hdvw1
Vlqfh wkh whupv ri wudgh ri rqh ri wkh wzr frxqwulhv lpsuryhv dv zh pryh dzd| iurp t @ 4@5/
wkdw frxqwu| pd| ehfrph ehwwhu r frpsduhg wr wkh ehqfkpdun fdvh ri sulfh vwdelolw|1 Iljxuh ;
frqupv wklv dujxphqw e| sorwwlqj wkh fkdqjh lq Zhvw*v zhoiduh zkhq prylqj iurp sulfh vwdelolw|
wr wkh qrq0frrshudwlyh Qdvk vroxwlrq= iru t orz hqrxjk/ zhoiduh lpsuryhv1 Wklv lv qrw vxusulvlqj1
Dv t gursv ehorz 425/ Zhvw*v whupv ri wudgh lpsuryh/ zkhuhdv wkh frvw ri lq dwlrq idoov1 Wkh qrq0
prqrwrqh vkdsh ri wkh zhoiduh fkdqjh kdv wr gr zlwk wkh ghjuhh ri xqfhuwdlqw|= dv t dssurdfkhv
3 ru 4/ xqfhuwdlqw| ehfrphv yhu| vpdoo/ vr wkdw wkh jdlqv iurp ulvn vkdulqj  dqg wkh jdlqv
iurp glvwruwlqj  ehfrph qhjoljleoh1 Rxu uhvxowv wkhuhiruh vxjjhvw wkdw wkh frxqwu| h{shulhqflqj
srvlwlyh vkrfnv zlwk d orz suredelolw| pd| kdyh ohvv wr jdlq iurp prqhwdu| frrshudwlrq1
E15 Glhuhqw frxqwu| vl}hv dqg glhuhqw vkrfn vl}hv
Udwkhu wkdq frqvlghulqj dv|pphwulf frxqwu| vl}hv zlwk lghqwlfdo vkrfnv/ dv zh gr lq wkh pdlq
wh{w/ zh qrz wdnh lqwr dffrxqw wkh vw|ol}hg idfw wkdw odujhu frxqwulhv h{shulhqfh sursruwlrqdoo|
vpdoohu vkrfnv +Khdg/ 4<<8,1 Pruh vshflfdoo|/ vxssrvh Zhvw dqqh{hv d iudfwlrq  ri Hdvw*v
4;
srsxodwlrq144 Wr nhhs wklqjv vlpsoh/ dvvxph djhqwv lq Zhvw frqwlqxh wr eh krprjhqhrxv145 Shu








li v @ %1 Frqwudu|
wr wkh fdvh zh vwxglhg lq wkh pdlq wh{w/ wkh vl}h ri vkrfnv lq Zhvw wkhuhiruh ghfuhdvhv zlwk lwv
vl}h1
Dv vkrzq lq Iljxuhv < dqg 43/ wkh lqfhqwlyh wr fuhdwh lq dwlrq qrz dovr ghfuhdvhv lq wkh odujhu
frxqwu|1 Wkh lqwxlwlrq lv wkh iroorzlqj= dowkrxjk lw lv hdvlhu iru wkh eljjhu frxqwu| wr glvwruw
sulfhv/ wkh vpdoohu vkrfn vl}h jlyhv lw ohvv urrp wr gr vr1 Vlqfh sulfh glvwruwlrqv ghfuhdvh zlwk vl}h
dv|pphwu|/ vr grhv wkh zhoiduh orvv gxh wr glvwruwlrqv +Iljxuhv 44 dqg 45,1
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Ilj1 4= Lq dwlrq lq Zhvw








Ilj1 5= Lq dwlrq lq Hdvw







Ilj1 6= Zhoiduh lq Zhvw








Ilj1 7= Uhodwlyh vhfxulw| sulfh
Iljxuhv 4 wkurxjk 7= Dv|pphwulhv lq frxqwu| vl}h +4 .  lv wkh uhodwlyh vl}h ri Zhvw,1
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Ilj1 8= Lq dwlrq lq Zhvw







Ilj1 9= Lq dwlrq lq Hdvw







Ilj1 := Zhoiduh Zhvw










Ilj1 ;= Uhodwlyh vhfxulw| sulfh
Iljxuhv 8 wkurxjk ;= Dv|pphwu| lq wkh suredelolw| ri uhfhlylqj d srvlwlyh vkrfn +t lv wkh
suredelolw| ri d srvlwlyh vkrfn lq wkh Zhvw,1
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Ilj1 <= Lq dwlrq Zhvw








Ilj1 43= Lq dwlrq Hdvw







Ilj1 44= Zhoiduh Zhvw







Ilj1 45= Zhoiduh Hdvw
Iljxuhv < wkurxjk 45= Dv|pphwulhv lq frxqwu| vl}h zlwk eljjhu frxqwu| uhfhlylqj vpdoohu vkrfn
+4 .  lv wkh vl}h ri Zhvw dqg 4  wkh vl}h ri Hdvw,
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